Role of the N-terminus in human 4-hydroxyphenylpyruvate dioxygenase activity.
4-Hydroxylphenylpyruvate dioxygenase (HPPD) is a key enzyme in tyrosine catabolism, catalyzing the oxidation of 4-hydroxylphenylpyruvate (HPP) to homogentisate. Genetic deficiency of this enzyme causes type III tyrosinemia. The enzyme comprises two barrel-shaped domains formed by the N- and C- termini, with the active site located in the C-terminus. This study investigated the role of the N-terminus, located at the domain interface, in HPPD activity. We observed that the kcat/Km decreased approximately 8-fold compared to wild type upon removal of the 12 N-terminal residues (ΔR13). Interestingly, the wild-type level of activity was retained in a mutant missing the 17 N-terminal residues, with a kcat/Km 11-fold higher than that of the ΔR13 mutant; however, the structural stability of this mutant was lower than that of wild type. A 2-fold decrease in catalytic efficiency was observed for the K10A and E12A mutants, indicating synergism between these residues in the enzyme catalytic function. A molecular dynamics simulation showed large RMS fluctuations in ΔR13 suggesting that conformational flexibility at the domain interface leads to lower activity in this mutant. These results demonstrate that the N-terminus maintains the stability of the domain interface to allow for catalysis at the active site of HPPD.